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*1 ^ 

COMMISSIONER! 




[MS! as] 98-039101 
lm^mi[] 1998/09/21 

[mgo| ^gssi omm ±^± sis ^ n^is oiga 2 

im^2i ^^^^] A SOURCE FOLLOWER CIRCUIT WITH AN ENHANCED GAIN AND AN OUTP 
UT CIRCUIT OF A SOLID STATE IMAGE PICKUP DEVICE USING THE S 
AME 

[ g S S S ] SAMSUNG ELECTRON I CS CO . , LTD . 

[CHHXH sms 

[eSj2J3Hl 14001979 

[a§f&!^l 02-760-6048 
442-370 

[^^1 ^^Ai dhbs 416&!Ii 

i^m KR 

[CH£I&J] 

[DIE.I&I3H] H361 

[ a ffl S 1 02-3453-763 1 

[^SfflS] 135-080 

1^4:1 AHS^^AI i^y^ 827-53 ^S^S 3e 

I^S^Sl ^^^^^ 
ISS^Sl PARK, SANG SIK 
I^EJ^^fflSl 610412-1042315 
I^eSl^l 442-190 

i^±} =^mh\ mM=p- ^eis ^somfM 208-301S 

KR 

[^xii HI4252I 9?§oii ojoK)) ?i2f aoi s^sud. 

cn5.iei mmm {21) 

[^MS^l ^Sjg HI603EOI ^SOII o|oh01 m^MMM m^mUQ. 

(£1) 

[ZJI^ft^Sl 20 e 29,000 s 

4 e 4,000 S! 

[o^ia^ssi 0 a OS! 

l4JA^S^Sl 6 S 301,000 S! 

imj\\] 334,000 S! 



1. 

2. 
3. 



mmkM^ ES) 2| IS 




o^7\o\] 711 A] ^Jii- ^7]^o_s. ^^m^ 

^SV ^ o^^ol ;;^] 1 ^J^oll <g^iSlfe ^^1- 7H^ 

^^>, ^^7] M^^l^Bl^l ^s. :|.^o^ ^1 2 A>olo]l 

^JL WH<>1^ al^l^l-^ ^^ 7Mfe =L^JL ^1- 

§m #^ ^^>* 7>Xl^ S)^ ^ ^1-71 #^^51 ^<a- ell»ioll 7l^S>c^ 

^^7] ^] 2 ^^-g: ;^1<>|5>:e.^>H ^Si" ^s.^ '^J^ Tlnfl^l^^* ^>^^1 
£ 3 
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711^^ ^1^^ 7}^]^ ^9-^ ^S.^^ ^ ZI^^ ol-g-SV JL^ ^Aj- 

2] #^ S)5.(A SOURCE FOLLOWER CIRCUIT WITH AN ENHANCED GAIN AND AN OUTPUT 
CIRCUIT OF A SOLID STATE IMAGE PICKUP DEVICE USING THE SAME) 

£ 1^ ^2fl tcj-s. ^^^-1 ^s.^:) s\s.^; 

H 2fe ^ ^^2] tl]-^^^ 1 -^Ajc^jo]! tt)-^ ^J^>i ^S^^ 5]^2] -^Ml 

£ 3^ ^ ^^21 ti>^^^ 2 ^^1<^1<H1 rcl-^ 3^ s\^9] 

£ 4fe ^ tr]-^ ^^^^ ^^^^ 

:£ 6bfe ^^^4 1-^ ^^^^ ^^11- 5i-^£oit:f. 

^^oll Tzfl^ ^S. 

8 : ^'y- 7>^-^ 140 : ^S.^] 

100 : #^ S)^ 120 : el^i! S^xI^iE] 

201 : «>£^1 7]:^ 202 : 






204 : 711 ojM 



206 : ^^ 711 



208 : 



210 : 1-^1- 



212 : e^^i TflolE 



^ ^^^^ "^S^l ^^1<^1 ^tb ^^l^o.^fe ^^1^ ±.SL^ 

4i>^> (charge coupled device : CCD) Jl^l (a solid 

state image pickup device)^ ^^V*^ '^l-g-SV^ , 
^a] ^Q] -f^^l ^^^^ 51-7] nfl^dl 7>^^-8-, «oi-^-g-^ til^j^. ^r]-^! 

-e- ^l-^lef ^1^^^, i:^^]^ T-Hle} ^<^1 ^ ^711 A>-g-£lji oicl-. 

^^1-^^S, /H12: 71^ ^ 7l#oi «j:->^i-^oi] ttl-e}- CCD IL^ %^ 

^ ^^^o] ^cf. ^l&l^ ^>HH1 v^^, CCD Jl^l ^^1<^1 

-2.^^!^ §1-M-^ €^1- ^;^l-7> zi^Til ^^*^1 °fl 

(low illuminance) ^■'^]^^ 7}^^ y^S. ^^Mr ^^^^ ^ 

CCD JL^ #^1- ^J-^HlAi A>-g-£l^, Jiol^ ^^ g\S.7} ^^S\JL ^X"^. ^, ^1-71 
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CCDl- <^]-B-^ Jl^ ^^-T- (horizontal transfer section; :£ 

3 ^ S. 4^ 200^ %^)^]^^ ^]]^^^ ^± ^5]-oil ^^^t:}^ o^^ ^<y-o^ ^j. 

^ ol^.^ <g7] ^5_v 5-].u|.o^ ^o^*^^ #^ ^>-g-£lfe ^S^-] ^IS^ 

^ ji^^s ^ii^s>^ 

^^1^ ^<a- ^7l^o.s. ^^5sr>^ ^ 

^]o\ x^7.}d\] c^^^Jl >^V7l ^<y- ^1:5:^ ^c5>l-ol^ og^ y^:^]., ^7] E.^^] 

al^l^m ^^l- :iSlJi ^V7l E^^l^iBloi ^s. :g.^o^ ^1.7^ 

^ ^^^Vfe ^51- ^is. ^1-71 ^sf Jls^-f-B] ^V71 
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wl-^^tl- -^^1<^1'>I1 Sloj-^i , ^oi-^l ^5.^, ^^r^i 1:^^-1 ^isl- 

^ ^^1- ^1 1 

^^71 ^^^3lJ- ^] 2 ^€ ^f^l^] :±i-2.^ ZLelJl <a ^ ^^Hl ^ 

1€ 711 oiM, #^ ^^># 7Mfe ai^^i ^s. 

uf^^i^V ^Alofloil ojio^A], ^V7l y^] 1 ^<y-^^ AC ^^^^ ^^§1-^ ^ 

Wl-^^^V ^Alc^lo)] o^olA-l, ^V7l ^§1- 1^ 

s. ^^sm ^ ^^7] ^§1- ^^s-^B] ^^51 ^51- 
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<^i^ ^^^i, ^^ ^^^^ ^^i-oii 0^21- AC ^^^^1 

^ ^^w'-Sl AC^^^^ ^^^Slol ^^^^ AC ^o^6\] i^^cf. ^1-71 

^€ ^^^^ AC ^^^^S 9m M^^1>iEl (Mil, M21)sl 7llo]Msq- j^eflo] a>o1oii 

ih^^i #^^-] ^s.^ ^Ml s)s:£c>icf. 

i-^^ €^^-1 ^^51 ^^:£7l- £Al£)ol o|cf. :£ 2011^1, db^::^! 

^-1 (140)^ (2), #^ ^^1- (4), ^flcH ^;^> (6), 2 7lls^ NMOS 

;^l>xEl-i- (Mil) ^ (M12), nelJi -^7] %^ ^^K4)^ ^€ ^'y- (VDD')ol ol7>£] 
^ ^€ ><«><^H1 91^51 ^€ (8)1- ^^W. ^^71 NMOS 
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NMOS (M2)fe 7l^Sl-c^ (a current 
rating)^ 7]-^cf. 

-^V7l ^ov ;tflo]a. (8)^ £E 4^ d!i^r^x 2 7llS^ NMOS 

E^xj^Ejl- (M13) ^ (M14), (a voltage coupling 

capacitor) (CI), ZLelJi ^-1% (Rl).^^ i^^^^i^. ^^^1 NMOS B.^:^]^^ (UlS)^ 

^S.^ (VDD)3^ i:^:^ (N2) ^}o]o\] ^^^^31, TllojE^ >^l-7l 

%^ 1^?^} (4)o11 >g-7i NMOS ^^xj^iB] (M14)fe icJ^sq- ^x]A>o]oil ^ 

^V^^ ^^^^ ^^fe ^'a- 7^ 

sfl^lE] (Cl)# AC ^^^o] ^oj-o]] ZLCflS- ^^s^ol NMOS e^;^1^e1o]1 

eiJL3l]-7> ^Bl-q-Tll ^Cf. o]^ NMOS (MlD^^ 

£ 3^ ^ ^1^^ wV^^tb ^1 2 ^Aloi]oil xx\-^ 3^ 41^:^1 ^S^q SlS.^ 
^Ml S]SHo]t:f. :£ SoflA-l, OVA] ^i^^ ;H1 1 ^Ajc^lfi]- ^o^^ rp.^^ ^^h^ -^^ 
^S-^S. S.7]^Jl =L^JL =L^^ ^^^€4. ^fl 2 ^^lc:^l<^l 9X'^ 

Ai, ^^^-1 (140)^ ^^ ^:^} (2)^ %:^ (4) ^><^H1 '^^^s)^ 

^IS. 3^]: €^^-11: (10), (12) ^ (14).^^ ^^^^4. 4oll S. 



^1^ ti>sq- ^vo], 31=3; ^i>h (10), (12), ZL^]Ji (14)oll Sl^-H, '^l^ ^ 

^ '^■5- 'y^^ll ^11 2 ^Ajc^joii ccj-s. ^^^^ 

(140) ^^1 ^11 1 ^^1^15^ zi^Ji]- :iLJJf# <^-g: ^ zielJL ^ ^'^s] 

^■11 1 ^ ^11 2 ^^l<^llr<^l ^S.^^ 3-€r ^J-^loll ^ 

(diagrammatic section view)7> S.-^lSl<>l 9X^. 
S. 2^1 £^1^ CCD* ^l-g-tb 31^1 €^1- (300)^ ^^^^ (202)^^ 

^ ^ ^1-^1 'SrS.^l 7]^ (201)^ i^^^-. 4^71 (202) ^^<^] 

^, 7llSl Tflolje ^^1: (204)^1 cf^V ^Alc^l^l ^-f, (2)1, 

02, 03^ 3^ W:^)<>\] T^-^^fe ^^-f- (horizontal transfer 

section) (200)^ ^sll^l TflojE ^^s. 

(204) ^ a>^l^^ ^^<^1 ^^^.V ^^ A]^]^ (206)^ ^o^^v (202) 

^>g£)JL, (208) ^^7] #^ 711 ojE (206)<^1 -y^^V 7l^ 

(201)^ ^^oil (208)^ 

(so called floating diffusion region)^ ^^^^T=f. AM^}, El^jH 7l]o]E 
(212)ol ^-a: (208)0)1 <?1^^ (202) ^^^^JL, 

JL Sl^i 7\]'^]^ (212)^^1 ^>7l (208)521- <^ ^ 

(210) A>oloil ti|)<iElfe 'IJ-'S^^ cf^ 1:^1- (210)01 Bl>^ Tllol^ ^-^ 
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(208)4 l-^* (210) 711 (212) 7]^ (201) 
i'S cg^oi]^, ^fl^o] ^A^^cf. ^, ^^ (208), 

(210) ^ sl^^i (212)^ ^Til jL^f E^^i^Ei (field effect 

transistor) ^, M^^l^B] (reset transistor) (120) (^ 5 7]^ 

^^2^ -a-^il^V ^1^^ ^^Sf^cf. 7\]o]^ (204)^, £^^1 

fil- ^^ol, cf^ ^AV^ 3 7l]sl ^e^l: (0i), (02) ^ (03)# 

^4. 7llo]E ^^^i- (204)011 o^SflA-] ^^^Sl^ € ^2: (transfer 

well structure)7> #^ (206) ^H^.^^ ol-^^:^^ ^^7] 3 7ll^ 

-t (01), (02) ^ (03)^ TllolE ^^s- (204)^11 ^7lajo.S. ^ 

7>^cf. ^1-71 TflolE (206)^ ^^ TllojE ^^g- (VOG)^ ^]^^Jl, =L 

elJL Sl^il TllolE (212)^ ((Z)R)^ ^fl^^^i^. 

(210)^ ^ell^ ^<y- (VOD)-^S til-^l<>1^^4. 711 ols ^^1- (204), ^^ 

(206), ^^jH 7II0IE (212) ^ <^ ^ (210)^] 9l7}^ 

^ ^1 ^«^H 7>#cHl7ll ^ o^^T^ SlJL, ZLe^H.^ ZL^S] 

(208)011^, Sl^ (a source follower 

circuit) (140)7> ^^-gcf. -a-71 S\S. (140)^ (200)^-^El ^l^sl 



9 



^ ^, #^ 711 ojE (206)ol (VOG)oll 9]^A^ «>olo^^^ nfl zi^^ ^sfl 

>a-7l a-lO: <^<^ (208)«11 ^^^Ife ^^Vl: (signal charges) (S^, 

^jli ^s>l:( information charges))* ^S. (signal voltage)-^^. ^:@:5]-ZL 

ZL^JL ^'y-^ #^ (Vout)^^^i #^*]rl^. c>^7lA-l, ^1-71 Bj^jl 

E^^1>,E] (120)^4 ^-2-^ ^^^-l (140)^ CCD 7l^# o]^^ ji^l ^ 

S)^ (output circuit)* ^ii^^ #5.^-1 SjS (140)^ 

^ (moving or shifting potential well structure)*- ^^^i ^^SjJl, ^7] 

7)1 olE ^^-g. (204)011 ^^^i ^^slfe ^J: ^^1-^ -^M 1-^^ 
(208)^^ ^'a^^-. ^l°fl, (210)^1 ;$i<y- (VOD)^ ^^^7l nfl^ 

CHI, ^^^1 (208)^ ^>7l ((Z)R)^ ^i-7l el^jji tIIoIe ^ 

^ (212)ofl '?l7>^^^^ -a-7l ^^1- (VOD)s] HBlJl n ^-§-<^l. 

>^V7l el^jU #ei (0R)o] ^-f ell^o] ^ ^ ^, sl^il tH^Ie (212)7> ^>^^ 

^, -^M TlloiE ^^^i- (204)011 ^^^i ^§1- (SEfe, ^M. 

^ (208)^^ ^ = ZL ^uf ^1-71 (208)2] 

^Sa^ (V0D)2l ^^7] ^s. ^d^} (a^, ^^M. ^^})^ ^ti- 

cf. ^>7l (208)51 ^5j-^ ^S.^-1 ^S. (140)011 oi 

7l-£lJl, -L ^S. ^^0- (Vout)^l di^^ ^S.^-1 (140)^-f-El # 
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CCD ^^ ^As. ^^1-1- ^oM^M :=i-^\ ^^-§-^1-^ ^dS^^ 

o.^ ^^ei ^^^1-71 ^^11, CCD '%^]^\^^ ^\%-^^, ^^\^ #^ ^S.7> ^ 

^S]J1 olc}. >^j-7l #^ ^^ti]-^ O.^ Af^sl-Cl-. CCD 

Jl^j #-^1- 41^1-51 fe^l^"^ ^^^-1 SI^S^ ois-o] ^o>o> sl-ji^ -] 

o.^ :f.^ ^^5]^ ^3r>^<^l ^.y eg 

^;^o> CCD €4^ ifc^}^ ^^£7> ^o>^c^-. o]nfl, ^V7l c^^o.^ AQ 

1] 

. AO 

■^o] T^iEflA]^^ ^o] ^o>o> ^Sl- (AV)7> tS^ ^1-:£7> ^<='>^l7ll ^Cf. 

:£ 1^ ^ ii|-e]-Ai #^ 

d!i^>i IrS^-l ^s.^ 7] A] ^-§-4 ^^1 
[^«}-^ 2] 

C = (l-Al)Cs 



11 



Al^ ^ dbi^ ^S.^ 01^014. H&lD.^ Jr 

iZfoll o]^ ^1-71 9]nX\^^7} ^0]^0] (AV)7> 

di^^ ^^^-1 Mlis] ^efloio.^ '^^^efl'is. JL^^^ VDD7> <y7>s]^ 

:£ 5^ :£ 4^1 ^^]^ #5.^-] sis.^ Sl^^ojcf. :£ 51- ^^2: 

§1-^, ^ «>^^?!: ^^l<^l«fl 4^ ^^^1^ #^ ^S. (output 

circuit) (300)fe el^jl M^^^l^iB] (120) ^ ^S.^-) ^S. (source follower 

circuit) (140)S i^i-^bcf. >^V7l (120)^, S. 4<=^] ^^]^ w]-^ 

^^], ^, ii^^ (source)S^i 7l^^l-fe <^ ^ 

(208), (drain):Os.Ai 7l^S>^ cf^ ^ (210), lie^Jl e] ^i! 

7flo]E (212)^^ Sl^il E^;^]^Bl (120)5] ih^^fe 

(200)0)1 ^^£1^^, ^>7l (200)S^El ^ja. 

(£^, ^S. ^§>-i:)^ ^Wlr^^i 'S^l^^^ ^-1^^^. 

£ 3 ^ £ 4 ii^^q- zieiJE.^, -^^2^ 5x]e]-7l ^^a-^, 

^] tfl^ £ 3^] ^^]^ %^ ^?^} (4), (6) ^ '^^^ 

^^1- (2)^ (141), (143) ^ (145)011 z]-^ cfl-g-^cf. 

Cf^l £ 5* %l-2:3:l-^, ^oj. ^:\]o]^ (148)^ ^^^-H" 

(142), (144) ^ (146)011 o^^Al ^Tgh^ (200)^-f-Bl >^fl^sl^ 

^^l-ofl >S-g-Sl-^, ^ov (Vout)# #^s>fe ^^ ^7} (141)^1- >S-7l db^^i 1: 
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S.^ (142)^1 NMOS e^H^l^E] (M29)^ ^efloiAfoloil o^^^cf. <^^^ ^7.} (145) 
^ el^ji E^^^lriEl (I20)s] :t^^oii 

^oM ^d^^ ^fl^^ (148)^ H^^lE] (C3)l- f-sfl #^ (VOUT)^ 

AC ^^^^V^ ^ ^o^^ ^^^] Sl^ (142)2] ^o^v (VDD')'>11 ^^S}^ 

'^]^ ^ ^^<^1 4€- -&^<^1 £ 4 ^ £ soil ^7-1S>c:^ ^^^^4. '^^^^ 
§l-i-oi e]^j|} E^>^]^Bi (120)5] di^^ ^, £ 4^ (208)<^1 'a 

(^1^, (Vin)'^lel- ^J^)7> ^ ^2] :t^^-] (142)^ ^-^ M 

(M29)^ TllolEoll ol7].^c^ ^1-7] ^s).o| jil-^ ^ov 

(Vin)2l- #^ (Vout)^ ^^11- ^^'^l S. 6a^] ^4- ^ 

^"a- (Vin)5] Bl]»ioi ^7>^<:H1 tcj-e]- ^ ^ (142)5] ^-^ e^^]^ 

Bl (M13)5] ^, #^ ^A] 01^ ^ov (vin)o)l til^l^A-] #7>^x:]-. -f- Bi;5fl 

^ ^i] ^l- (144) ^ (146)5] ^-^ E^xl^iE]!: (M15) ^ (M17)5] z]- 

^^1-5] ^<a- s]]»i ^A] ojAi ^T^^ tivs]- ^o] n^o^ ^ovoj] al^]^Ai ^7> 

€1^. 0.^]B.S., ^^ (Vout)^ S. 6a<^l ^^]^ wl-5]- ^o] ^01- (vin) 
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^ wl-o]o^^ ;^oj-oii tll^l^m 7>xl^ H^Jl ^1-71 JE^;^1^E1 

7>^1^ ^<a- ^; 

^1-71 ^<a-^ AC ^^^oll 71 ^l-^l ^1 2 ^flo:|S>S-S.>H 

^^1- ^J-^m, 

o.^ ^^sl-fe ^; 

^^1- ^§>-i:^ ^^^^H ^^7] ^^^J- 

# ^^3:]-^ Ji^l ^^1 . 



15 




^^^] ^S.^, S\S.Wr S.^^}^ Jl^ €^1- ^^1. 

a) ^^11 ^^a- AlJ:^ ti].o>^o]^ ol^ b) t.>oioi>^ ^ 

og-oii al^l^Vfe ^^1- c) ^] 1 ^<y-<>1] <?^^^ ^511^, 

^fl 2 A>olo11 ZLElJl ^^V-^l 

Tllol:^, d) ^<i]- ^« #^^1-^ #^ ^^># 7Hfe ^ 

s.^] ^s. ^; 

Sl-fe Jl^l #^1- . 
[^^*^ 51 

^11^^ AC ^^^^ ^^§1-^ ^1 1 ^ 

^1-71 E^xj^iBl-i-Sl ^^^4 ^1-71 ^^^^ ^S.^] X\.o]6\] o^^S)^ TlsflA] 
^^§1-^ Jl^l ^^1. 
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^oM ^§1- 

^^>-i-^ ^^^o.^ ^; 
# i^s:]-^ Ji^l . 
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